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WRONG-WAY DRIVING ON CALIFORNIA FREEWAYS

HISTORY

The california Division of

1961 - 1972

Highways has been confronted with

the problem of wrong-way driving for over a decade.

In 1961, 19 pecple were killed in 13 fatal wrong-way accldents

on California's 928 miles of full freeway.

gtudies were begun

N to determine the causes of these accildents.

By 1964 we had 1,619 miles of freeway.
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In the mid-sixties we also began to look at devices other than
standard signing. Because of their success 1n preventing
wrong-way entry to parking lots, a series of dynamic tests

on spike barriers were initiated.

These tests revealed that the standard spike prongs did not
effectively disable an automobile traveling against the
spikes at speeds from 15 mph to 60 mph, because although
the tire was penetrated, the tire did not blow out.

A total of seven wrong-way moves were made over thesg spikes
and in only one case did the driver notice a change in ailr
pressure within 10 seconds. In six of the runs, No effect
was noticed after five minutes. It was also found that the
splkes were S50 widely spaced that the narrow tires on some
compact cars wWere able to pass between them.
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To improve their effectiveness, a "fish-hook" ba 3

to the end of each spike. When this spike punctigega; g?;ged
it actually ripped a hole and was able to deflate the tire in
from 10 to 30 seconds. Unfortunately, 1t was found that the
strength of the tire casing under this fish-hook design was
great enough to cause a permanent bend In the spike so that
it now was pointed in the direction of right-way vehicles
This could probably be overcome by beefing up the design..

antage noticed by the drivers who tested this
t speeds of 30 mph or more it was impossible
g toward the spikes whether they were with

The biggest disadv
barrier was that a
to tell when drivin
you or against you.

he right-way driver fo be confused, hastily
and the results could be disasterous. We
nvolved in using such a devlice, espe-
f disabling a vehicle 1in a hazardous

This could cause t
apply his brakes,

declded that the risks 1
cially the probabllity o
position, were too great.
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We developed a wrong-way warning device using light and sound.
The device consisted of a 5' x 3' white on red reflective
background sign. The message was "GO BACK - YOU ARE GOING
WRONG WAY". Visual impact was increased by i1lluminating the
sign only when actuated by a wrong-way vehicle. A standard
12" red signal head was placed below the sign 5' above ground
level. The light was operated in the steady mode. Audio
warning was accomplished by two electric horns, one continuous
and the other pulsating. All these components were actuated
by a vehlcle moving opposite to the normal off-ramp flow by
using an inductive loop directional detector.

T

FrAE G g

shown a certain amount of success in discouraging
nts, but at one test location 10% of the
tinued past the sign. The largest complaint
has been from pecple living in the

e nolse from the horns.

This device has
wrong-way ramp moveme
wrong-way drivers comn
against thils installation
adjacent area who were bothered by th
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We
of

In
to
we

alsoc looked at variocus interchange designs to see 1if any
them could be contributing to wrong-way driving.

our studies we have found some types of Interchange deslgn
be so confusing and conducive to wrong-way movements that
no longer design or build these types. These 1nclude:

o
- FREE WAY
N
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|n
o FREEWAY
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LEFT-HAND
OF F-RAMP

wmdp Proper Direction of Travel
&ws Wrong-way Movements
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SCISSORS
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The use of isolated off-ramp and partlal interchange designs

is also discouraged. Approximately 70% of the known off-ramp
entries that resulted 1n accldents in 1971 involved non-standard
or unusual interchange types. About 1/2 of these were partial
interchanges or 1solated off-ramps.
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A study of the %eometric sight distance at wrong-way accldent
locations in 1965 showed that over one half of the fatal and
injury wrong-way freeway accidents occurred at locations where
the sight distance was less than 1,200 feet. As a result of
this study, stopping sight-distance standards for freeways
were increased in 1968.
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MAGNITUDE OF THE PROBLEM

There are about 4,200 off-ramps in California. The volume of
traffic using each of these ramps varies from 10 vehlcles to
20,000 vehicles per day. This amounts to about 4 million
right-way moves each day or 1-1/2 billion moves annually on
california off-ramps. The safety and convenlence of right-
way drivers must, therefore, be a primary conslderation in
evaluating methods of stopplng wrong-way driving.

One method we have of studying wrong-way driving is analysis
of accldent reports prepared by the California Highway Patrol.
A copy of a typlcal wrong-way accldent report is included in
the Appendix. Since about 1964 the number of reported wrong-
way accidents each year in California has remalned fairly
constant in spite of a continulng increase in opportunity for
such accidents.

This opportunity can be measured in the increase in traffic
volumes, as well as miles of freeway as shown on the graph

on page 8. From 1963 to 1971 the freeway mileage in Californila
more than doubled. Freeway travel increased 2-1/2 times; from
17 billion vehilcle miles to 42 billion vehicle miles annually.
Tt looks like we've been able to hold-the-line on wrong-way
acclidents and possibly even effect a small decrease since

1969. In 1971 wrong-way accldents were less than 1% of the
total accidents on California freeways.

We continue, however, to consider wrong-way accidents to be

a serious problem in Californla. Wrong-way accidents are

one of our most severe types wilth about 18% resulting in
fatalities and another U46% producing injurles. They account
for about 6% of the fatalities on California freeways. While
wrong-way accldents generally seem to occur on urban freeways
and the more heavily traveled rural ones, no freeway can be
considered immune to these accldents.

Through all of our research some factors regardlng wrong-way
driving have contlinued to be dominant. One of these is the
fact that wrong-way accldents occur usually at night. The
figure on page 10 shows the hourly distribution of the wrong-
way accldents that occurred in the last four years. It also
shows the average hourly distribution of traffic volumes on

freeways.

The morning peak volume of traffic occurs between 7 and 8 a.m.
Approximately 5 p.m. the maximum hourly volume 1s reached.
From that point there 1s a steady decline until 3:30 a.m.

when the smallest volumes are recorded.

9
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WRONG WAY ACCIDENTS & AVERAGE
HOURLY VOLUMES ON FREEWAYS
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Wrong-way accldents occur at a rate above the travel rate
vetween 8 p.m. and 6 a.m. This colncides fairly closely
with the normal hours of darkness. The wrong-way accldent
rate rises during the evening hours, then drops off very
rapidly after 2:30 a.m. One reason for this 1s that the
bar closing time in California is 2 a.m., and-after this
time drinking drivers begin to get off the road.

This brings up another dominant factor in wrong-way accidents
that we have observed - alcohol. Our studies have consls-

- tently shown that about 3 out of 4 wrong-way drivers who
cause accidents have been drinking.

A plot of blood-alcohol levels of drivers who caused wrong-
way accidents last year shows an extremely high range with

an average over twice the level of presumed drunkeness in
California. Our research has shown that a typlecal wrong-way
driver not only drinks excessively, but also exhlbilts general
disregard for all types of laws and soclal customs.
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BLOOD ALCOHOL CONTENT WAS KNOWN
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Among the small number of wrong-way drivers who have not been
drinking, only the 65-and-over age group stands out to any
extent. These older drivers apparently get started the wrong-
way more often than younger drilvers and fail to reallze thelr
error as quickly.

On about 1/2 of the wrong-way accident reports for 1971, the
reporting officer noted the way that the wrong-way driver got
going in the wrong direction. These origins of wrong-way
driving can be categorized as off-ramp entry and other methods.
The other methods category includes various types of U-turns,
such as: U-turns in the traffic lanes and U-turns from an
on-ramp, as well as intentional medlan crossings. In 1971,
of f-ramp entries were noted on accident reports twice as
often as other methods.

Another source of information about wrong-way driving is
citatlons that are issued by the California Highway Patrol
to violators of traffic laws. A copy of a typical citation
for wrong-way driving is included in the Appendix.

Copies of these cltatlions are reviewed in much the same
manner as accldent reports. In 1971 we recelved 273 copiles
of these clitations. Wrong-way citations are fairly evenly
divided between day and night, possibly because of hlgher
enforcement levels in the daytime. Alcohol is a factor,
put not to the extent that it appears in accldents. Older
drivers are cited in considerable numbers. We have found
that only about 40% of the wrong-way driving that results
in citations 1s due to off-ramp entry.

13
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RECENT EFFORTS

In 1970, with about 3,000 miles of full freeway, 38 fatal
wrong-way accldents occurred in California resulting in
5% deaths.

In June of that year, three wrong-way fatal accldents occurred
in a single four-day period. The spectacular nature of these

accidents led to intensive news coverage and renewed lnterest

in wrong-way driving by the public and by the California

- Legislature. This renewed interest led to a re-evaluation
of our efforts in this area and a new intensificatlion of our
activities.

In the fall of 1970 we undertook a statewide inspectlion of
on- and off-ramp terminals to determlne 1f our standard
signing was in place and 1f 1%t appeared to be doing the

job. 1Inspection teams reviewed ramp terminals both in

the daytime and at night taking photos and noting the condi-
tions they found. An example of a typical inspection form
15 included in the Appendix. Some of the reviewers also
found that small hand-held tape recorders were useful,
especially when taking notes at night.

We learned many valuable things from this inspection. In
general, we found that our standard signing was in place.
Although many of the signs had been in the field for six
years or more we found that their reflectivity was holding

up well., Some pavement markings needed repainting. A few
confusing situations that required investigation in greater
depth were noted. Occasionally a sign was discovered to bhe
missing or covered by shrubbery. Probably our most important
discovery was that often the signs at our ramp terminals were
not positioned for best nighttime visibility. In many cases
a wrong-way vehicle would have to be almost into the off-ramp
before its headlights 1lluminate the DO NOT ENTER and WRONG
WAY signs. The same was true for FREEWAY ENTRANCE signs.
This 1limited their effectlveness as guldes to the on-ramp.

As a result of these flndings, a committee of traffic englineers
from various parts of the state was selected to review experi-
mental placements of ramp signing and recommend new standards
for California. This committee made field reviews during both
day and night. The California Highway Patrol cooperated by
temporarily closlng ramps SO that commlittee members could
actually drive them the wrong way. The committee recommended
that in general our ramp terminal signing be moveéd closer to
the crossing street and mounted lower to better reflect head-

lights at night.

15
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California's signing standards are being changed. In addition
to placement changes, new formats are belng used. International
symbol-type DO NOT ENTER slgns are appearing on our off-ramps.

Specification sheets are included in the Appendix.

16
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The addition of route and direction information to FREEWAY
ENTRANCE signs has value in calling attention to the on-ramp
as well as giving motorists additional information. A new
FREEWAY ENTRANCE sign with almost twice the reflective area
will be used.

. . ' . The following 1s an
interpretation of this

F R E E w A Y . sign combination:
ENTRANCE

"This 1s the Freeway
Entrance -

- to this route -

- golng this direction.

if this 1is the way you
want to go, you should
be here. .

17
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We are continuing to look at experimental signs and pavement
markings. These include: internally 1lluminated signs for
on-ramps and off-ramps and secondary off-ramp warning signs
for placement some distance down the ramp. We have experi-
mented wlth sparkly eyecatchers on signs and sign borders.
Various configurations of reflective pavement markers are
impressive when new, but are difficuit to maintain.

Because of the apparent obliviousness of many wrong-way drivers
to standard warnings, we are continulng to search for a more

positive deterrent.

One potential warning device that we're currently looking at
is a series of one-way bumps. These depressions 1n the of f-
ramp pavement would be designed to give a minimum of bump

to right-way traffic but give a wrong-way driver a notlceable
jolt. Theilr purpose would be to draw attention to a secondary
sign package. On this page and the next are photos of the
preliminary test installation of these bumps. In this proto-
type, the vertical face was covered with reflective tape. It

was very impressive at night.

18
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Because of the visual impact of reflective pavement markers
and these bumps at night, we are also investigating ways of
putting lights into the off-ramp pavement for use as a Wrong-
way warning device.

We have decided to enlist the help of industry in developing

a wrong-way deterrent system. We are in the process of writing
a request for proposals to build such a system. We have con-
cluded that this system will have to operate without damaging
either right-way or wrong-way vehicles. Although barriers that
would physically stop or disable a vehicle are often suggested,
we feel that the risk in using them 1s too great. During one
of our studies, a movie camera mounted on an off-ramp filmed
many wrong-way moves in progress. The following is an an
analysis of some of that film:

The first frame shows the wrong-way car about 100
feet past the detector loops. In the second frame,
the driver 1s taking evasive action to the shoulder
on his left about 175 feet beyond the detector.

The third frame (about four seconds later), shows
the semitraller passing the 175-foot location andg
going the right way about 45 mph.

If the wrong-way vehicle 1in thls incident had been disabled
by a device that we nad placed on the ramp, a serious head-on
collision would probably have oceurred. This 1s one of the
reasons why we have declded not to pursue the development

of a disabling barrier.

19
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For several years we have been using reflective pavement
markers on lane lines in all but heavy snowfall areas 1n
California. On freeways, 1/2 of each marker 1s red to
show red to wrong-way drivers. Although it 1s a difficult
thing to try to evaluate, we have no evidence that the red
backs of these markers do prevent Wrong-way driving. One
study by ITTE in Los Angeles indicated that most people
probably are not aware of the difference between red lane
line markers and white ones.

One idea that we considered was to use these markers fo
delineate a false lane for the wrong-way driver that would
lead him off the traveled roadway and into the medlan
barrier. Although the idea was appealing, 1t was rejected
because of the increased 1ilability of the State that might
result if the trap caused inJury to a wrong-way driver or
others.

PROPOSED NIGHTTIME WRONG-WAY DRIVER TRAP

Path of Wrong-woy Vehicle

Cabls Masdion Barrier on
Freeway Canterling

B et s 2l + s

e D e e

s Lane | — ) e— S 3 —
— —— — — —y — *
LCIHO_Z' -—— ——— — v— . — e a — - [ w— — [
—l;ane—} —— — ——— — — -——— — e {§ w—— s 1 :
Lane 4 —)p

Outside Shouider

Obliterate the red side of the existing reflective
pavement markers on lane lines for the length of
the trap and 500 ft beyond.
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Probably the most successful of our recent eff
mc : ] orts to combat
wrong-way driving is our program of off-ramp surveillance.

This piece of equipment, the wrong-way counter, 1s the tocl
that makes the program possible. It was conceived by one of
our engineers and allows us to count and verify wrong-way
moves into off-ramps with very good accuracy and reliability.
It takes all the guesswork and subjectivity out of identifying

high-move locations.

This countér is very portable, using pneumatic road tubes for
its input. It can be moved from one location to another in a
matter of minutes. Air pulses from the road tubes, which are
located at the cross street terminal of the ramp, activate

standard traffic counter switches.

sorts movements by direction. When a wrong-way
it is registered on an event counter. Current
nat fires a small inexpensive camera.
This camera takes a single picture to verify that the vehilcle
is proceeding The wrong way, not simply rolling backward momen-
tarily, then advances Zhe film for the next shot.

Logic circultry
move 1s sensed,
also flows to a solenold ©

21
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Wrong-Way Movements

Day Night

These are typical photos taken by one of the cameraz. The
quality is usually not sufficient to get identifying data
such as license numbers. They merely verify the wrong-way

move.

We have had 150 wrong-way counters operating throughout the
State for a year. In that period of time we have checked
nearly 800 ramps. We intend to conbinue until we have checked
every ramp in the State. The graph on page 23 shows what we
found in the first year. Note that in the 30-day study
period, over 60% of the ramps checked experienced no wWrong-
way moves at all. We are finding that the great ma jority of
wrong-way moves occur at a small number of so-called "problem®
ramps. We have estimated that potential wrong-way drivers
nose into off-ramps 1in california 70,000 times in a year.

Our studies indicate that one in sixty of these, or about
1,200 per year, get as far as the freeway. If we could
prevent the wrong-way moves ol the worst 15% of our ramps,

we would eliminate 60,000 moves per year. The wrong-way
counter equipment tells us where to attack the problem and
gives us a means of evaluating our efforts.

22

ChbPD www fastio.com


http://www.fastio.com/

OFF RAMP SURVEILLANCE
PROGRAM

Initial Findings of the |
First Year of Study — Apr. 197! to May 1972

 60-

796 Ramps Studied

132 Counter Units
operational on
May |, 1972

o
2

H
9

o
T

85% of ramps experienced
2 moves or less per month.

/

Percent of Off Ramps Studied

[y
?

6% of ramps experienced
over 6 moves per month.

|
|
|
|
I
|
I

10-

| |2 ramps above |5
ranging from 16 to 86.

|

l ]

O | 2 3 4 5 6 7 8 9 1011 1213 1415
Wrong-Way Movements in 30 Days
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The following are exampies of the kinds of prcblems we've
found and the corrective efforts we've made.

CONCRETE CURB DIVIDER
TO PREVENT
WRONG-WAY MOVEMENTS /
% ‘
= -
- wl
_ "‘:-' < /, Mira Mesa Bivd
L mulp - s - \
tt z

map Proper Direction of Travel
<=r Wrong-way Movements

SPECIAL
CURB DETAIL

At this location wrong-way drivers were entering a loop off-ramp
from an undivided two-way street. We were able to place a
narrow curbed divider in the street to block this move.

il
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Curb Nose After

Curb Nose Before
Reconstruction

Reconstruction

—

—~— _/ — pomerad® RS
MODIFICATION OF CURB NOSE

TO PREVENT
WRONG-WAY MOVEMENTS

s Proper Direction of Travel
4w Wrong-way Movements

At this location the curbed divider between on-rand off-ramps

tended to hide the on-ramp and "trap" vehicles into the off-ramp.
The nose was cut back.

25
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A rather surprising kind of problem that we have found 1s
sometimes referred to as the "phantom frontage road”". It

is surprising because 1t affliicts diamond interchanges, a
type that we generally considered relatively free from
wrong-way moves. Apparently drivers headed for the frontage
road turn too soon and get into the off-ramp. So far,
correcting this type of situation has been a falirly simple
matter of signing and delineatlon changes.
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P e
Y
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e——r

FREEWA

et

mndp P Direction of Travel
ey \#\:::le;-u:;y Movements DIAMOND INTERCHANGE
' WITH FRONTAGE ROAD
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FREEW.Y
ENTRANCE

FREEWAY
ENTRANCE

At this location a very sizeable wrong-way move preoblem was
apparently eliminated by placing arrows on the pavement of

the crossing street pointing away from the off-ramp.
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Qur wrong-way surveillance program has not gone unnoticed by
the FHWA. They have recently encouraged acceleration of our
effort by providing funding to allow us to expand the program
and cut two years off the completion time.

28
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SUMMARY AND RECOMMENDATIONS

In summary, we are continuing the battle agalnst wrong-way
driving in California on all fronts. By improving our highway
standards, preventing wrong-way movements where we find them
and continuing investigation of new concepts, we hope to

save lives by continuing to decrease the number of these

very persistent wrong-way accidents.

We hope the results of our experiences 1n California may
in some way be of help to others. In order to combat wrong-
way driving, we recommend:

1. Periodic inspections of all on-and-off terminals under
both day and night conditions. Look for:

a. Condition and placement of signs and delineation.
b. Confusing and misleadling signs or geometry.

2. Good maintenance of traffic control devices, including
pavement markings.

3. A program of camera surveillance at least at suspected
problem locations.

4. @Qood freeway interchange design and plenty of sight
distance on the mainline.

29
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APPENDIX

A Sample Accldent Report

B Sample Wrong-Way Driving Citatilon
¢c. Sample Ramp Inspection Form
D

Sign Specificatlon Sheets
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CALIFORNIA HIGHWAY PATROL
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3. PAVEMENT HMARKINGS

Standard HMarkings in Place

Good, Poor  Bad
Daytime Visibility ‘g\ 0] O
Nighttime Visibility ] -4 O

Qecoueuob.:rmu — RePruT AU PAVEVEMT
, MARKINGS, AND DULAE

ADDITioWmAL Davemew
beeows

L)
2

B e

FPheteo vamTaae PoiuaT
HRAD  NOUNATRE R i

SKETCH AND PHOTOGRAPHS

Show details of striping and channelization in immediate wvicinity of
ramp terminal. Include north arrow, locations and directions where
photos are taken, and any streets or driveways near ramp terminal,

Also gilve comments on unusual conditions and indicate any recommendations
for improvement on skatch.
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RAMP SURVEY

\j- ADams 2/22 170 Mro 295 R 25.71
Name Dpte | Co. Rte. P.H.
2. Baver,
Mamnmw~ ot Lakes
Location
1. RAMP TYPE os No
- w\ Diamond Signalized ] M\
[0  Loop Lighting )SL ]
] Buttonhook
[]  Other
Descrlibe
2. SIGNING
QE‘-_coM ERNDATION —

K
[
4

O

Needs Investigation

Prace Wasiua

Standard Signs In Place

Obgtruction
O Tree or Bush
O Utility Pole
(0  other

FReswAY ENTRANCE
(@91) s\anws

Describe

Faded or Damaged
Reflectance (¥ight)

1EL\ Good

O Poor

] Bad

Good Signing Directing to On-Ramp

Day
151\‘Yes
0 wo

Night
JEI~.Yes
E] No

SAMPLE RAMP INSPECTICN IFDEM
C
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